Abstract: Based on the weak coupling expansion of gravity, we calculate the gravitational contributions to yukawa coupling, scalar quartic coupling as well as gauge couplings with general Landau-DeWitt gauge-fixing choice and a gauge preserving (of SM gauge group) cut off regularization scheme. We find that the results depend on the Landau-DeWitt gauge-fixing parameter. Based on the two loop RGE of SM couplings with one loop full gravitational contributions in harmonic gauge, we study the constraints on the higgs and top quark mass from the requirement of existing the other degenerate vacua at the Planckdominated region. Our numerical calculations show that nature will not develop the other degenerate vacua at the Planck-dominated region with current higgs and top quark masses. On the other hand, requiring the existence of the other degenerate vacua at the Planckdominated region will constrain the higgs and top mass to lie at approximately 130 and 174 GeV, respectively.
Introduction
The discovery of a 125 GeV Standard Model-like higgs boson by both the ATLAS and CMS collaboration [1, 2] of the Large Hadron Collider (LHC) fills the last missing piece of the Standard Model (SM) of particle physics. Experimental data on such scalar particle agree quite well with the SM predictions and no signs of new physics beyond the SM have been observed so far.
Although the SM seems very successful in describing the real world, there are still many theoretical and aesthetical problems in SM, such as the dark matter puzzle and the hierarchy problem that related to the existence of a fundamental higgs scalar. It also seems problematic to extent the validity range of SM to Planck scale because the renormalization group equation (RGE) running of quartic coupling λ with the current higgs and top quark mass will drive λ negative at large field value which could lead to another local minimum at large field value. If such new minimum lies below our electroweak(EW) vacuum, quantum tunneling effects from the (false) EW vacuum to the (true) deeper vacuum could result in the false vacuum decay and thus the EW vacuum instability. In fact, absolute stability of the higgs potential is excluded at 98% C.L. for M h < 126GeV [3, 4, 5] . On the other hand, typical calculations on the tunneling rate with the central value of higgs mass indicates that the false EW vacuum is a metastable vacuum with a lifetime longer the age of the universe [6] .
A mysterious in the extrapolation of λ is its slow running at high energy which is due to a combination of two factors: the decreasing behavior of all SM couplings at high energy and the nearly vanishing of β λ at a scale of about 10 17 to 10 18 GeV. Previous SM based calculations indicate that the quartic coupling λ and its beta function β λ nearly vanish at the Planck scale. This may indicate the "multiple point criticality principle" (MPCP) [7] which assumes the other degenerate vacua at the Planck scale and was used to predict the top mass being 173 ± 5 GeV and a Higgs mass 135 ± 9 GeV in 1990s. However, the inputs of [7] are out of date and the calculations neglect the possible gravitational contributions which could be important near the Planck scale. On the other hand, asymptotic safety of gravity [8] indicate that the MPCP may arise at a typical "transition scale" k tr that near M P l . So it is meaningful to require the MPCP to be hold at some energy scale near the M P l instead of exactly at M P l . We calculate the gravitational contributions to the beta functions of the standard model yukawa, gauge and quatic couplings to see the status of MPCP after the higgs discovery.
The quantum effects of gravity, which is non-renormalizable by perturbative methods, can be studied in an effective theory approach and may play an important role near the Planck scale. It is interesting to note that the higgs mass had already been predicted to be 126 GeV in the fundamental theory composed of SM and the asymptotic safety of gravity before LHC discovery [8] . Although gravitational effects decouple in most of the discussions related to standard model, such effects can change the RGE running behavior of quartic coupling near the Planck scale. An interesting consequence of gravitational effects is the asymptotic free behavior of all gauge couplings near Planck scale when new power-law running gravitational contributions become dominant [9] .
Calculation of gravitational contributions to gauge couplings by [9] with background field method was found by [10, 11] to be gauge dependent and claimed that the true contribution vanishes. Further studies by [30, 13, 14, 15, 16] confirms the non-zero gravitational contributions to the running of gauge couplings in [9] . Relevant calculations are also given with VilkoviskyCDeWitt effective action approach or other methods with specified gauge fixing condition [17, 18, 19, 20, 21, 22] . Our calculations are based on the traditional Feynman diagram methods and use a gauge invariance preserving cut-off regularization scheme [23, 24] . We should note that the weak coupling expansion of gravity used in this paper is not sufficient. Contributions from the non-renormalizable aspects of gravity could be important. The inclusion of certain higher-dimensional operators in higgs sector could possibly modify the behavior of the potential near the Planck scale [25, 26] . Typical constraints from MPCP at the Planck scale on higgs and top quark masses taking into account the gravitational contributions was given in [27] . However, the adopted gravitational contributions to yukawa couplings which is very crucial in determining the UV behavior of λ do not agree in sign with our calculations. Besides, it is more preferable to require MPCP in the Planck scale dominated region instead of exactly at the Planck scale. So it is very interesting to study the status of MPCP at the Planck scale dominated region with our fully independent calculations. This paper is organized as follows. In sec-2, we perform the calculation of gravitational contributions to the beta function of SM yukawa, gauge and quatic coupling with the general Landau-DeWitt gauge-fixing choice. In sec-3, we discuss the constraints from MPCP in the Planck scale dominated region based on our calculated gravitational contributions. Sec-4 contains our conclusion.
Gravitional Corrections to Yukawa Coupling
Quantum gravity is well known to be non-renormalizable. However, the quantum effects of gravity can be taken into account in an effective theory approach [28] . Physical predictions for gravitational effects are justified if we interest in physics at the energy scale E M P l . Such predictions coincide with the results given by the underlying fundamental theory whatever its nature.
The action S containing gauge, scalar and fermion fields can be written as 
3)
From the action, we can derive the free graviton propagator,
where d = 4 is the space-time dimension. In order to calculate the gravitational contributions to the beta function of the yukawa coupling, we must calculate the fermion, scalar self energy corrections as well as the yukawa vertex corrections.
Fermion Self Energy and The Ward-Takahashi Identity in QED
Relevant diagrams that contribute to fermion self energy are given in fig.1 . The relevant lengthy Feynman diagrams are derived and given in the appendix. The contribution from panel (a) is
The integral I 2 is defined as
The contribution from panel(b) is
So the sum of gravitational contributions to the self energy for fermions are given by
Then the renormalization constant Z ψ is given as
In our renormalizaiton, we use the known consistency [23, 24] cut off regularization rule
Note that the coefficient is 1/2 for quadratic divergence while be 1/4 for logarithm divergence. With this rule, the gauge invariance can be checked to be preserved. It is well known that gauge invariance requires that the fermion self energy counter term is equal to the fermion-antifermion-photon vertex counter term in QED. So for theoretical consistency, it is also important to check that the previously used renormalization procedure will preserve the Ward-Takahashi identity when gravity is taken into account. Diagrams that contribute to the gauge vertex are listed in the left panel of fig.2 which are calculated to be
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14)
• Diagram (4):
15)
• Diagram (5), (6), (7) give no contributions to gauge vertex corrections because they are logarithm divergent.
So the sum of the gauge vertex corrections are
Then the gauge vertex counter term δ 1 is given by
Therefore, it is obvious from our calculation that the Ward-Takahashi identity δ 1 = δ 2 is satisfied with the previous choice of regularization procedure. This check is fairly nontrivial and it is justify the use of the new regularizaiton scheme. We also check that the Ward-Takahashi identity will be spoiled if we use the DR replacement k µ k ν → k 2 η µν /4 for qudratic divergence terms.
Yukawa Vertex Corrections and Scalar Self Energy Corrections
We still need the gravitational corrections to yukawa vertex. Relevant diagrams that contribute to the yukawa vertex are listed in the right panel of fig.2 . The results are calculated to be: 20) • Diagram (4)
21)
• Diagram (5)(6) (7) gives null contribution to the vertex corrections because of their logarithm divergence.
So the sum of vertex correction for yukawa couplings
Then we get the renormalization constant
23)
The scalar self-energy corrections with the diagrams in fig.(2. 2) had already been calculated in our previous work [29] . However, the regularization procedure used in that calculation is the ordinary gauge non-preserving cut off scheme. So we need to reformulate the previous results. The scalar self-energy renormalization are calculated to be
and
which gives the counter term for scalar self-energy
This result is different to our previous result [29] because we use the gauge preserving cut-off regularization scheme.
With all the corrections at hand, we can obtain the RGE for yukawa couplings Y =
The final result is gauge dependent which is also anticipated in [31] . If we choose the harmonic gauge fixing ζ = 1, we can obtain the gravitational contributions to yukawa beta function ∆β Y = 1. In standard model, the yukawa coupling has the form
so we need the replacement Y → y i / √ 2 for SM yukawa couplings. The beta function from gravitational contribution will not be changed with such replacement.
Gravitational Corrections To Gauge And Scalar Couplings
In order to obtain the RGE for SM, we must also include the gravitational contributions to gauge and scalar couplings. The gravitational contributions to gauge coupling are given by the photon self-energy diagrams in fig.2.3 and are calculated to be
So we can obtain
For harmonic gauge fixing ζ = 1, we can see that
Therefor the gauge coupling RGE is given by
Our result agree with the result given in [30, 32] and also agrees with the traditional BFM (background field method) in the harmonic gauge with LORE regularization scheme [30] . Note that if we use k µ k ν → g µν k 2 /4 for quadratic divergence terms, vanishing result will be obtained which was found in [10] . However, such replacement of DR regularization scheme will spoil the Ward-Takahashi identity related to gauge invariance. We also need the beta function for scalar quartic coupling with the new regularization rule k µ k ν → g µν k 2 /2 for quadratic divergence terms. The relevant Feynman diagrams can be seen in our previous paper [29] . The non-vanishing vertex correction is given by
The counter term δ λ is given by
So we can obtain the beta function for quartic coupling
In harmonic gauge with ζ = 1, we can obtain
We should note that the results depend on the gravitational gauge fixing choice. In certain circumstances, the Vilkovisky-DeWitt effective action approach which is intrinsically gauge-preserving can agree with the traditional approach in harmonic gauge [30] . So it is preferable to fix the physical result in harmonic gauge with ζ = 1 and such results are used in our subsequent calculations.
MPCP Constraints With Gravitational Contributions
Constraints from MPCP can be fairly predictive and they may reveal the existence of asymptotic safety of gravity. Knowing the RGE running of SM couplings, the requirement of MPCP near the Planck scale can be studied. On the other hand, the presence of new terms in the SM beta functions from gravitational effects can have important consequences. Such term can be dominant near the Planck mass scale and significantly change the running behavior of SM couplings in the UV region.
In order to study the RGE running of quartic coupling λ below the Planck scale, we adopt the full two-loop Standard Model beta functions [33] for λ (three loop results can be seen in [34, 35] ), the top-yukawa couplings y t and gauge couplings g i (i = 1, 2, 3) in addition to the one-loop power-law-running gravitational contributions. For the weak scale input, the following boundary conditions [36] for RGE running are used
which give
The two loop RGE running for gauge couplings in the SM are given by 
The standard GUT normalization g 2 1 = 5 3 g 2 Y is used in the previous expressions. We neglect the yukawa couplings for the first two generations and keep the third generation contributions. The RGEs for g i are given by and
as well as
The two-loop RGE for top-yukawa coupling with one loop gravitational contribution is given by The normalization of higgs potential in our study is given as 1
The improved two-loop RGE for λ with one loop gravitational contribution is given by 9) and the two loop part [37] is The inputs for RGE, namely the MS gauge coupling, higgs self coupling and top yukawa coupling at the pole top mass, can be obtained with [3] λ(m t ) = 0. An illustration of full gravitational contributions to the RGE running of λ are shown in fig.5 . We can see that the gravitational contributions greatly modify the RGE trajectory near the Planck scale. We scan the parameter space of (M h , M t ) to check the points which can lead to MPCP at some transition scale near M P l . We define the Planck-scale dominated region to be: 8.0 × 10 17 GeV ≤ E ≤ M P l . We use the following input:
• The existence of degenerated vacua near the Planck scale can be satisfied if |β λ (E)| ≤ 1.0 × 10 −7 , |λ(E)| ≤ 1.0 × 10 −4 and also d 2 λ(E)/dE 2 ≥ 0.
Our scan indicate that the MPCP condition at the Planck scale dominated region can not be satisfied with current top quark mass m t ∈ (173.21 ± 1.22) GeV or higgs • • It is instructive to compare our scan result with the case without gravitational contributions. Without gravitational effects, the bounds for higgs mass and top quark masses can be released. We can see from fig.8 • Our scan also show that the results are sensitive to the value of α s (M Z ). We show the results of our scan with different choice of α s (M Z ) in fig.8 . Larger α s (M Z ) requires larger m top and m higgs masses.
Conclusions
Based on the weak coupling expansion of gravity, we calculate the gravitational contributions to yukawa coupling, scalar quartic coupling as well as gauge couplings with general Landau-DeWitt gauge-fixing choice and a gauge preserving (of SM gauge group) cut off regularization scheme. We find that the results depend on the Landau-DeWitt gauge-fixing parameter. Based on the two loop RGE of SM couplings with one loop full gravitational contributions in harmonic gauge, we study the constraints on the higgs and top quark mass from the requirement of existing the other degenerate vacua at the Planck-dominated region. Our numerical calculations show that nature will not develop the other degenerate vacua at the Planck-dominated region with current higgs and top quark masses. On the other hand, requiring the existence of the other degenerate vacua at the Planck-dominated region will constrain the higgs and top mass to lie at approximately 130 and 174 GeV, respectively.
